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Abstract
We study an iron isotope effect of FeSe1-xTex (x=0.65) polycrystalline samples with three types of iron isotopes (
54Fe, 
natural Fe, and 57Fe) which were synthesized carefully in order to rule out differences in the Te content x between 
them. Our estimate of an isotope coefficient DFe defined by –dlnTc /dlnM, where Tc and M are the superconducting 
transition temperature and the iron isotope mass, is -0.54(1). Measurements of powder x-ray diffraction (XRD) show 
no significant difference in lattice parameters between the samples. These indicate that compositionally well-
controlled FeSe1-xTex may possess inverse iron isotope coefficients.
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Horst Rogalla and 
Peter Kes.
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1. Introduction
The recent discovery of superconductivity in LaFeAsO1-xFx [1] has motivated to explore a new type of 
high temperature superconductors, followed by finding of iron-based superconductor family. A current 
recode of the superconducting transition temperature Tc has reached to 56 K in Gd1-xThxFeAsO [2]. The 
fact evokes a question that the mechanism of superconductivity in iron-based superconductors is 
identified with the conventional phonon mechanism? Although several studies [3-5] suggest that the 
mechanism cannot be explained by conventional electron-phonon interactions but antiferromagnetic spin 
fluctuations, showing similarities between cuprates and iron-based superconductors, it has not yet been 
clear that the mechanism of superconductivity is unconventional in iron-based superconductors. In order 
to clarify that, it is helpful to study an isotope effect on Tc. An isotope coefficient D defined by –dlnTc
/dlnM, where M is the isotope mass, is 0.5 in conventional superconductors in principle, actually 
depending on Coulomb interactions between electrons. In many simple metals like Hg, Pb, and Zn, the 
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isotope coefficients are found to be nearly 0.5. For a binary alloy superconductor, MgB2 (Tc=40 K), DB of 
0.3 is found in a boron isotope effect study [6]. It demonstrates that electron-phonon interactions concern
the mechanism of superconductivity in MgB2, though the mechanism was argued owing to relatively 
higher Tc than in conventional superconductors. Several groups have reported on an iron isotope effect for 
iron-based superconductors. Shirage and co-workers show that DFe= -0.18 [7] and -0.024 [8] for (Ba1-
xKx)Fe2As2 (Tc=38 K) and SmFeAsO1-y (Tc=54 K), i.e, the so-called inverse isotope effect. On the other 
hand, Liu and co-workers [9] show that DFe=0.37 and 0.34 for (Ba1-xKx)Fe2As2 (Tc=38 K) and SmFeAsO1-
xFx (Tc=42 K) respectively and Khasanov and coworkers [10] report DFe=0.81 in FeSe1-x. The discrepancy 
remains a mystery. Since Tc of these superconductors strongly depends on differences in the K content, O
content, or Se content between different isotope samples, the key to the mystery might be such a 
compositional difference, which is inevitably yielded in independently synthesizing isotope samples.
In this paper, we show the iron isotope effect on Tc in FeSe0.35Te0.65 synthesized carefully in order to 
rule out differences in the Te content x between different isotope samples. The inverse isotope effect has 
been definitely observed between three iron isotope samples (57Fe, natural Fe, and 54Fe). The possible
reasons of the discrepancy are discussed.
                      Fig. 1 Temperature dependence of the real part of ac susceptibility of 
                      the three sample sets S1, S2, and S3 (the data of nFe in S1 is not shown).
                      The data of the 54Fe, nFe, and 57Fe samples are shown by broken, solid,
and dotted lines, respectively. The susceptibility is normalized at the 
values in the curves at 4 K. The inset shows the determination of Tc.
                      
2. Experimental
Polycrystalline samples of FeSe0.35Te0.65 were prepared by a low-pressure synthesis method. We used 
three types of Fe: 57Fe enriched powder (M57=57.00) (ISOFLEX USA, purity 99.99%), 
54Fe enriched 
powder (M54=54.01) (ISOFLEX USA, purity 99.99%), and natural Fe powder 
nFe (Mn=55.85) (Showa 
Chemical Industry, purity 99.9%). As preliminaries, Se shots and Te powder were prepared and ground in 
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a glove box in a N2 atmosphere. The mixture was divided into two with the same weight and then mixed 
with two different iron isotopes respectively in order to rule out differences in the Te content. The mixed 
powders were pressed into two pellets in a glove box. These two pellets were sealed in a quartz vacuum
ampoule to rule out differences in synthesis temperature and then heated at 700 Υ for 24 h. After 
regrinding two pellets the same procedures were carried out. Three combinations of Fe isotope pairs S1
(nFe and 57Fe), S2 (57Fe and 54Fe), and S3 (54Fe and nFe) were obtained. Powder x-ray diffraction 
measurements were carried out by using CuKDradiation. All the samples have a single phase and 
differences in lattice parameters between two samples synthesized simultaneously are negligible. 
Measurements of ac susceptibility were carried out by using commercial equipment (Quantum Design 
Physical Property Measurement System) to determine Tc of samples.
Fig. 2 Isotope mass dependence of Tc for the three sets of 
samples S1, S2, and S3. The average DFe is -0.54(1).
3. Results and discussion
Figure 1 shows the real part of ac susceptibility for the sample sets S1 and S3 as a function of 
temperature (the real part of ac susceptibility for the nFe sample in S1 is analogous to in S3, so that one of 
them is not shown in Fig. 1). The susceptibility is normalized at the value of the susceptibility curves at 4 
K. The onset Tc was determined from the definition as shown in the inset of Fig. 1. Isotope shifts in Tc are 
clearly seen in each combination. Indeed, the isotope shifts show that a sample with the larger isotope 
mass has the higher Tc. It was preliminarily confirmed that Tc in our FeSe1-xTex samples was almost 
constant (~13.0 K) in the wide range of x from 0.60 to 0.70, so that it can be ruled out that some 
deviations of x from the nominal composition give rise to large shifts of Tc.
Figure 2 shows Tc for the sample sets as a function of the iron isotope mass. Apparently, a sample 
containing the larger isotope mass has higher Tc. The results evidently demonstrate that DFe becomes
negative and it is highly reproducible. Small differences in Tc between the 
54Fe samples as well as the 57Fe 
samples are presumed to be due to some differences in the Te content x, however, some differences in the 
Te content x between the S1 samples (as well as the S2 and the S3 samples) can be ruled out in principle. 
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The average DFe about all of sample sets is -0.54(1). Our result is contradictory with the earlier report [10] 
on FeSe1-x (DFe=0.81) as well as on Ba1-xKxFe2As2 (DFe=0.37) and SmFeAsO1-xFx (DFe=0.34) [9].
Their synthesis methods are basically the same as our method. Although it has been pointed out that a 
difference between synthesis methods (low-pressure synthesis as against high-pressure synthesis) might 
give rise to the contradiction [10], it can be ruled out as the reason. We focus on the fact that there are 
differences in Tc between the same isotope samples (
54Fe and 57Fe) in Fig. 2 (similar differences have been 
reported by Khasanov et al. [10]). These changes are due to differences in the Te or the Se content x
between samples synthesized independently, reflecting that Tc is quite sensitive to the Se content x. The 
positive coefficient in FeSe1-x might result from differences in the Se content x between isotope samples of 
FeSe1-x (it has been reported that Tc fluctuated considerably with slight changes of x [11]). On the other 
hand, our negative coefficients are derived from data for isotope samples made of the same Se/Te mixture
(negative coefficients by Shirage and co-workers [7, 8] also have been obtained the same). Therefore, we
presume that compositionally well controlled FeSe1-xTex possess a negative coefficient. Indeed, a small 
structural change has been observed with Fe isotope substitution in FeSe1-x [10]. It will be more necessary 
to find what factors change with Fe isotope substitution. Although some low temperature superconductor 
exhibits the inverse isotope effect [12] (the mechanism of superconductivity, as well as the inverse isotope 
effect, has not been elucidated yet), the inverse isotope effect suggests that the mechanism of 
superconductivity in iron-based superconductors is not explained by the conventional phonon mechanism
but an exotic mechanism.
4. Conclusions
In conclusion, an inverse isotope effect has been observed in FeSe0.35Te0.65 in which the Te content 
was well-controlled. An iron isotope coefficient is -0.54(1). The results suggest that iron-based 
superconductors may possess negative coefficients. This implies that in iron-based superconductors the 
mechanism of superconductivity may not be the simple phonon mechanism.
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